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A bs( I’:ICf. Spat.c.borl]c SAR (Sylltllctic  Aperture Radar)  systems and rcla[cd programs cur[cnlly
cnvisioncxl by LIE illlcmlalional scicncc cw[lmuni[y  provide an imporlanl  framcwwk  for addressing kcy
scicmc  issues rrrd applications inland surface prmcsscs. ‘1’hc nmlcls  that simula[c  lhcsc proccsscs rc.quirc
sul-face pnramctm such as vcgc[a[ ion struc(urc. and biomass, land cover, soil a[d canol)y  mois[urc  that SAR
Illc:ls(]l-c.lllcl)ls  being scmsilivc  to surface gcomc.rly and diclcclric propcrlic.s  Can provide. I’his  paper oullincs
LllC potcll(ial app]icalions of polarimclric SAR  systclns over Lropica]  rcgiorls  such as mal)ping land  USC. and

dcforcsta[ion$  forest rcgcncra(ior],  wetland and inundation Stu(iics, and nla~)~)ing  Ialld cover lypcs for
biodivcrsi[y  ald habital conscrvatim  sludics.
K e y w o r d s :  SAR, Polarimc[ry,  1.an(l IJsc, }Iirxnass,  Mois[urc

1. introduction
At  prc.sc.nt,  sc. vcral  il](c.r(iisc i])lii~ary s t u d i e s

a r o u n d  t h e  w o r l d  a r c  conccl)tralc(l o n

tln(lcrslan(ling  t h e  I)roccsscs lhal g o v e r n  lhc

illlc]ac.tiol~ of  tl)c la]ld s u r f a c e  wilil t h e
allllos]hcrc.  and lhc char]gcs  lhal arc, occur J illg in
boll], primalily  as a ~c.sull  of human activities.
‘1’hcsc ])roucssc.s  arc modclc.d rrl diffc.rent scale.s
require ~]ar;itllctc.tixatio~l of the land surface to bc.
irlcludc.d cvcnlually  i n  t h e  climalc  mo(icls,
Although climate models  require. global
sl)ccificalion  of land propcrlics on a sl)atial scale
o f  2.5 -50 kni, sub-glid n]odc]s  dcalillg wi[h the
sul face hc(rogcncily  may  requ i re  paramet r i c

i]l])uts of finer s])atiat rcso]u(ion (I)ickinson,
1 995). ‘J ‘hcsc. paramc[c.rs  arc fundalnclltall  y used
as controlling variab]c.s  in l:lrl(l-:itlilosl~llcrc
C:tllx)[l,  crmgy,  and waler cxchangc mo(icls  that
c.hal actcri7.c. the. Il]crlllo(lylltilllic, clmnlical, ald
biological pIoccsscs  invo]vcd in h in[craclion
bclwc.cn tllc land s u r f a c e  a n d  tllc l o w e r
atlnos]he.rc  (}lall, ct al., 1995). ‘1’tlc gcncml
calcgorics  of l)aramctcr  i~lputs c o n s i s t s  o f
vcgcta[ion and soil ])aralnc[cts,  alnong lhcrn,
laid vcgctalion cover, comnlunity conlposilion,
vcgc[atiorl  struclurc  such  as leaf area index,
l)io[nass dcllsity, plic[lo]ogy, vcgclalioll
c o n d i t i o n ,  I)rinlary  ]Iroduclivily,  canopy
roughrmss,  and soil mois[urc. Rclno[c  scmsing
[Cctlrliqocs  ale bcgillllillg 10 p]ay al] inllml:in[
IC)lc irl ]troviding lhcsc paranlc.tcrs on global and
Icgim)al  scalc,s and 10 corllrit)ulc ill improving
ard validating{ lhc.sc. II Iodcls.

q’ropical forms, bccausc of the large
area of Iald surface llIcy cover (about 1 (WI
million hcctarcs  al ll]c clilllalic  climax), their
humid climate (rainfal]s of above 20(N mm pcr
year), and bcillg the n]osl  luxuriant a[ld s~xxics-
r i c h  forcsls  alc ]cs~mnsiblc  for Ltlc m a j o r
proim  lion c)f lhc caT lb’s biological productivity.
7’his rclwcscnts a vas[ ycaIly  il)lakc  of (tic C02
which is stord  in the tree.’s lissucs. A large
number of ecological s[udics  conc]udc.  thal [Ilc
conversion of this cmsys[c.m  is rcali7, itl~ a as
m u c h  C02 in tllc atmos~]hcrc  as wclc. Lhc.
industrial proccsscs  (I)clwillcr  and hall, 1988).
]?ccillcing the. Uncc.rlainty iIl Cslimatillg  t h e

rc.lcrrsc of C02, requires aII accura[c  cslimrrlc.  of
t h e  dcforcslcd and new? rcgrowlh  rrrcas.
Monitoring and nlap})irlg  (hc land usc change ill
tropical rc.gion, ttmc.fore, is still a challenging
scicnlifie  problcl]lc  lkforcsla[ion  of the lropical
rain forest and its convcrsiml to otllcr lrrrld  cover

tyj)cs sud as pasture intlodum  several o[hcr
scic.rltific  problems to be. tackled. lhr cxalnplc,
the dynamics of the C.ol]vcrsion  of forest to
pas[urc,  agricultural crops an(i forest rcgcncra[ion
th:it in tan] affects tl}c potclllial of ttlc land for
sustainable production of food and protein.
I)cforcstation in the c.rlti[c t rop ica l  be l t ,
encompassing Africa, Asia, Cc.n[ral and South
America is c.stima[cd to bc 4?% of tllc total
moist lro~)ical fore.sl (13ilsc.t\{~2ict~c.r,  1 986).
Chc.eking the acculacy of this cstima[c  is
himlcrcd by i]lsufficicnt  database aIId remote
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scrlsing [ccllniqucs  arc lhc m a i n  s o u r c e  of
I)loviding  lhc rcquird  dalrrba.sc.

“1’hc hydrological problcm associa(rxi
will] lIIC river basins ill lropics such as in the
Anlamn  rainforcs[,  also rc.quircs information
ahou[ tlic dyllaloic of land use. c.lmngc and its
im]mct  o[l lhc. routirlg of wa[m and its chemical
load f r o m  prc,ci])ilalion inpul [hrougll lIIC

drainage systcm back to a[rnoslilcrc  and 10 Ihc
occarl. Rcrnotc sc.nsillg  tc.chniquc.s can ~)rovidc
in fonna[ion  such as larxi use. change, sorfacc. soil
mois[urc  and fore.st inundation dynamics that can
bc used directly in lhc tropical river catchrncnt
sludics (Richcy, c1 al., 1989). l;urlhrxmorc, in
s[ud ics rclalcd 10 biogc,rlic lracc gas cxchangc,  the
klmwlcdgc of lypc and dislribu(ion of wetlands
and tllc tcnl]mra]  dislribuliol] of inundation in
lropical region can rcducc the unccrlairl[ics duc to
S]mtial and seasonal cxlcmd of lhc nlchnc source
and sink armas. Several other issues such as the
illcrc.asil)g rise of inscx-1 rclalcd (Ii scasc  outbrc:iks

in Irol)ical  wcllalids arc corlclatcd  wilh rainfall
Cvcllts ard flooding episodes arid lllc type of
vcSctalioll  c o v e r  (hcrbaccous  a n d  woody
vcgclatior))lhal can bc. nlonilorc.d wilh remote
scrlsillg lc.cllniqucs (Jlcss,  c1 al., 1995, 1’Olm, Cl

al., 1994).
10 his pa])cr,  WC a[[crnp[ to (icmonstra[c

(IIC. lJotcrltial  al)l)licalion of radar rc.nmlc sc.nsillg
in tllc. above rnc.ntioncd proccsscs.  2’J]C  data
prcscnlcxl  in lhis sludy arc lakcn from a scric.s of
cx]mrir[mlls  involving air bonlc al)d slnccborjlc
systcrns over [Ilc [ro])ical  ccosys[cms in Soulh
Alllcrica. ‘]’]lc clt;lr:ic[cr-islics  of ~)olarilnc.(ric
SA1<  systctns  a n d  [hc fac[ors  that arfcct SAR
backsca[(cr  rllc.;]s~)rcrllcllls  arc dcsmibcd in scdion
?. lrl scc[ions  3 [0  6,  several  examples
Jw.r lainil)g 10 land surface process .studics  :iI-C
d iscusscd and rc.fc.rcnccs arc lmvidcd  for furlhcr
discussion aid approactlcs.

2 .  SAI< l’ol:lrime(ry

R a d a r  rcrno(c sensing inslrurncnls opcralc  in
Inicrowavc  rc.giol]  o f  lhc cicclronlagnctic
SJ)C.ChUIll wtmc. l})c alrnosphcric  intc.rfcrc.ncc  i s

rllil)ill)u[)) and [k waler vapor column ard cloud
cover do [101 affcc[  lhc. prol]agalion  of ttlc radar
s igna l .  Ilccausc.  radar  furnishes  its ow]l
illulninalion,  images  coul(j bc oblairlc(t  e i t h e r

during h day or night, a considmablc advantage
over op(ical sclmrs [hal dc.])cnd  on the sun as lhc
ligll[ source or obscured by [IIC prcscncc  of
Clouds. in lhc pasl lwo dccadc,  radar syslms lmvc
c.volvcd fmn a real a])cr [urc single. frc4]ucncy  and
Jmlar-iza[iol] sys[c.rn, to syll[tmic apc.r[urc (SAR),
i)olarinlc.  [ric sys[c]ns  opcraling  at v a r i o u s
W:\vCICllgllls,  J)rovidirlg nlc,asurcrncnts  o f

wavclcnglh-scale geometrical and polarization
proI)crlics of tlic surface in the forvll  of hig}l
rcsolu[ion images. Polarimc[ric SAR sys[cnis
d]ow  IIICIKUrCXIICll LS of lhc amp]iludc  and rchlivc
phase of all JJolari7.alien configurations of the
transmit and rcccivc ante.nnas for all indcpcn(icnl
resolution cicnlcnLs ill a sccnc (Uiahy an(i }i]achi,
1990). A typicai polari[nctc.r is corrfigurc.ci such
tilat it uses llic ilorizorllai]y  an(i ve r t i ca l ly
poiarizcd  an[cnnas to  achicvc lhc poiari~.ation
diversity by measuring the true scattering matrix
of a rcsoiulion  cicmcnl. I~ronl lhc scallcring
malrix rllc.:lsllrcrll crlls, the Stokes matrix that
rciatcs  the transmi[(ing  an[i rccciving  w a v e
inlcmitics  arc formc(i, ‘1 hc quantity W is of~cn
usc(i 10 characlcrizc  the rc.solulion  clcmcnl  is
rc.fcr1c4i  as backscallcring  coefficient an(i is (icfincxi
by the radar c.ciua[ion as the cffcctivc  scat[cring
area subtcn(icd  by Lhc scattcrcr  ctivi(icd by tile
resolution area. in wilal follows, wc usc }1 as
h o r i z o n t a l  Jmlarizalion  and V as vcrlicai
J)oiari7.ation  of ciliicr  t ransmit  or  rcccivc(i
anlcllnas. ‘1’hcrcforc tllc backscallcring  coefficient
a r c  rncasurc(i i n  }Itl,  }IV, Vll, an(i  V V
polar izalions lhat refer [0 li)c combina[iorls of
harlsnlit aid rcccivc(i  Imhlri?.a[ions  (1 IV arl(i V} 1
arc. cciuai in backs callcrcll ciircltion).
Polarin)ctric nlcasurcrnc.nts  pcrrnit  b e l t e r
icicrilification of lhc scallcring mechanisms ltmt
in turf]  hcip rcso]vc  lilt clcc. tricai an[i gc.ornclricai
proJmlics  of li)c surface (];igurc 1). I)c,pcnding
on lhc wavclc.nglil of lhc systcrn, the. pcnclralion
dCJ)th of the ra(iar signai through vegetation ard
soil surface varies, allowing Stralificaliol] of the
gcomc.lrical propcrlics  of the ]an(i su r f ace s ,
O v e r a l l  [i]c irlforlnation  cnlbc(i(icd in  the
polarimctric  IIllll[ifrcc]llcrlcy  SAR  (iil[ii c a n  t)c.
rC.]21Cd  10 tilrcc lnajor calcgorics of paramclcrs of
[hc Iami surfaces: gcolnctry,  pcnc.lr-atiorl,  an(i
rnoislurc. I .ooking al forests, the backscatlcr
nlcasurcmcrl(s  rciatc(i  t o  sc. vcral scat[cring
mccimnisms sucil as (iircct backscatcring  f r o m
crown (branch arl(i leaves), crow[l-grourici
scat[cring,  trulk-groun(i  scattering an(i [hc (iircct
scal[cring  fronl  ll]c forest floor. The sigrlificancc
of t hese  nlccilanisms v a r y in di ffcrc.nt
J)olari7,ation  configurations.

Several s]mccborllc  an(i airhor[lc SAR
syslcms arc usc.(i irl lan(i surface, api)licatiorls.
~’hc airborne. J1’1, Ai I{SAI{ systc.rn  has three
frc(iucncics  l)-barl(i  (60 cm wavclcngtll),  I , -
ban(i(2.4 ctn wavclc.rlg~l]),  a n d  C-band (6 CIII
wavclcngti)) al]d o~jc.ralcs in fu]]y polar imclric
mc)[lc. ‘1’hc.  SiR-~/X-SAR  systcm has 1,-, and
~-barld  J)olarirnctric an(i X- ban(i (3 c m
wavclcllglh)  V V polarixalion  an(i  was used in two

tcn (iay missions irl April arr(i ocmbcr of 1994
aboard the Space Shu(llc  l{rr(icavor, in a(i(iition,



“.

currc.nlly  there arc. three. orbital radar systems: the
IIuro]Jcal]  IiRS-  I syslclll  (at ~-band  V V
polarizatiorl), Lhc Japanese JI{RS- 1 sys[cm (1,-
halld 11}1 ~)ol:lr-iz:ltiorl),” a n d  [he, carladian
RA1>ARSA”l’  syshm  (~-ba])d  11}1),  lrnagc dala
avail rrblc from tllcsc instruments have bum usc41
in several studies to dcntonsbwm  lhcir unique
apl)licatiolls  in land surface proccsscs in tropics.
Altlmugh,  these, studies arc by no means perfect
ar)d many factors tha[ conlribulc,  10 the. radar

backscatter  from soil and vcgclation arc yet [0 be
fully cxplofed,  lhc result.s obtained so far indicate,
tlm[ [hc sigrlat  pclmtration through forest canopy
and its smsitivity to vcgc. tation moislurc a n d
rllorlhology  arc rclc.v:ult to any fu(urc  studies of
tlic. lro])ica! bios~hcrc..

3. l,and IJSCI a n d  l)cforcstalion

“J’hCCaUSC.S  ofdcforcs(atioll  and lard usc change
in [Iol)ica] rcgirrn cfcpc.nd on several factors
among thcm the colonization programs, legal
Syslc]lls  of tcllurc, rc.lrr[ion of nrrlural rcsourccs
such as timber and production syslcms  10
economic and social variables, Rccsnt
cstilnation  of lhc ralc. of  deforestat ion in
Anlaz.onia illlldics that the.convulsion of forest
[0 lmlurc and agricullura] crops has a rapid pace.
lly 1991, IIIC. total a r ea  o f  Ilraz,ilian An]a~.on
rcachcd  4 2 6 , 0 0 0  kni2 with annual rate  of
a])lmxima[cly  22,000” kiI]2 over 1978-1988 and
14,()()() kn]2in  1989-1990 and 19,000 kn~2for
1990-1991 (J~carnsidc,  1993). “1’hesc  figures
inlp]y lhat the process of deforestation is
dyl]amic and :iny monitoring tccll[lic]ucsrlll)slbc
accurate and frcqucnl. ‘1’hc.  mairi sourr.x  of
dcforcs[ation  s[~l(lics  ovc.r Arl~[lz,ollL )[\sillll:isbccrl
lllcl,  an(isai  illmgc.ry (Skcrlc and l’uckcr, 1993;
lN1’li, 1992). l)cspitc Cxalli]lg  results from
lJII(ls:][ dala,  difficulties of obtaining rllorc
f[c.qucl]l  data over areas wl]crc continuous cloud
covcI ol)sc~lrcstitcgrollf](]” and irlcorlsistcrltlllcarls
of dclinczrtirlg  sc.condary  forcs[  f r o m  prinlary
f(ncs[  ar]d/or from various practicc,s of forest
disturbance.s suggcsl lhal accuralc land usc and
dc.forestation nla~q)ing is still a major scicrltific
challenge, Other regions of the tropical
rainforcxts  such as Africa and Asia ale yet to bc
n~alIljcd routil)c.]y.

Space.bor])c radar SySICnlS  arc potcmtia]
1001s for rcsolvil}~ some of the ambiguities ill
O])tica] remote sensing Kchlliques. “1’hc first
Coll[iguous rnap])il]g  of vc.gc.tation and land usc
in the l{ra~iliarl  Anlazon was pcrfornlcd  by the

RAI)AMI11<A7,11 , using an airtx)rllc  X-band  radar
sys[cm sul)lmrlcd by cxtc,nsivc  fic.ld surveys. A
recent study using Lhc SIR-C prrlarimc[ric  data
over l<orldonia  hm ShOWIl  [bat  I)olarinlcl_ric radar

sys~cn~s atl,-b:lnd (1.25 G1lz) and C-band (5.3
G117.) with 1111 and IIV polar izat ions arc
Succc.ssful in separating forcsl anct non forcs(arrd
fur[hcrlnorcdclinc.sting land usc practices and
forest  rcgcncra[ion  (Saa[chi,  ct a]., 1 9 9 6 a ) .
F’igur-c  2 shows the results from this sludy,
Using thcfourchanllc]sof  [hcSIK-Cda[a,fivc
class ty[m  of primary fore.st, secondary regrowth,
disturt)c.d forest, quchradao,  and pasture/crops
with 72% accuracy. When tllc classc.s were
rcduccd tothrcl. and only l,-l);lrl(l l){)l;lrirl~ctricc l:l[:~
w’c.rcl lsc~i, dlc.i~ccllr:~cy  ofclassific.ation  incrcasc<i
10 94Y0, ~’hc classification was based on the
stat is t ics  of  the backscat[cr  data us ing a
nlaxilllurn  apos(criori  IIaymian c]assificr. ‘I”hc
sensi t ivi ty of  the 1111 zln(i IIV po la r i zed
backscattcring  cocfficicn[s  to biomass and
vcgcE\tic)r)s  lrLlclllrc.a rl(lrllclislllr  cw,crcal1lollg  the
main reasons for identifying the lard cover
Cl:lsscs.

It has also been dcmons[ralcd tha[ for
routine.ly cstinmting lhc ralc of dc.forcslalion,  a
single polarizatio[l low frequency radar systcm
such as JI{RS-1 (I.-band, }111 ~)olari~alio]l)  may
bc suftlcicrtt  (Saatchi, c.t a l . ,  199(jt)).  IJigurc, 3
shows a mosaic of [he J1lRS-I  images over
Ro[lcionia  that has bc.cn classific.d into forest and
non-forcs[ using SAR hacksca[tcr  and texture
information. Qmcn[ly,  JIIRS-I  Sitlclli[c.  i s
engaged in  n]a])pinp rai]lforcsts  over [hrc.c,
co]ltil]cnts  of SoN[h An]crica,  Africa, aIId Asia
that can improve the. curr”cll~ cstima[cs  of the
alms  of fore.sl ar]d dc. forcslcd land surface.s irl [he
trol)ics.

Sccoldary  forcs[s  c.over more. than 600 million
hcc[arcs  of tropical raillforcst.  ‘1’hc  fore.s[
rcgcmcratirm arc. crca[c.d by both na[ural causes
andhunlarl  aclivity. Aftcrtlwfo  rcs[isclc.arcdfor
pasture., crop cutlivation or timbc.r, the process of
s u c c e s s i o n  bc.gin st]oltly  after the lai](i is
abaldorlc(i,  ‘J’llc early stages of succession arc.
characlcrizcd  by a very dense undergrowth wilt]
Wcc<iy }lcrl~:lcc.o~is])l:lll[s an(i fas[ growing vine.s,
“1’hc  rapjd growing  of car]y colonizers arc (]UC 10

SCCd (iistribu[ion in [Ilc soil inlnlcciiatcly aflcr-
disturbance.. ]Jurillg  this period, several forcs[
structural a[lributc.ssuch  as biomass and lcafarca
index incrcasc rapidly (Imt make the sclon(iary
rc.generat ion a  viab]c arc.a [o hc, dc.tc.ctc.ri by
remote srmsir}g techniques (I;oody arid Qllian,
1994). C)llcs[ll(ly stlowsll ]:lltllclc .llf:lrc:ii[l(icx
and woody biomass reach a maximum after about
20and40  ycarsrcs~jcctivc.ly  (Ilrown and l.up,o,
1990). ‘I”hc lack kllowlc,dgc of the. process of
dcforcslation all(i fore.s[ regrowth i]] a l;ilgc scale
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arc lhc main sources of ulmrtainly  in cs[inmlillg
lIIC. ralc. of the. ~02 Cxchangc  of tcrms[rial  him
with the a[mosphcrc. SAR syskms  operating a[
l o w  frcquc.ncy ap p ea r  to bc Lltc only  tool
availab]c for cslinmling tile biomass dislribulion,
Several sludics over boreal and lcn~pcralc  forests
have dc.n~ollslratcd  that the capability of SAR
syskxns for measuring biomass is :qq)roximatcly
200” inns/ha at I’-band,  1()() tons/lIa al l.-band,
:111(1 50 10ns/h:i at ~-band.  Sirm most  scxon(lary

f’orcsts  u1) to 2.0 years of agc do not  necessarily
have woody biomass values cxcccding  100
toIIs/ha, the.  SAR sys[cII~s cat] illl])rovc the
cslill)ation  o f  lhc bionlass  rc.growlh i n  [hc
tropical  rO1-cSLS  (I;i~urc 4).

‘l”hc analysis of airborne SAR data over
])rillmry  forests in Manu National Park ill Peru
s h o w s  thal at  P-band wavelength,  HV
Im]ariz,ation is corlc.iatc(i wili) the, b r a n c h
biomass, whcrms  }1}1 chanllcl is corlclatcd  with
slcm biomass (Rignol,  ct al., 1995). In a
similar Stu(iy, the allaiysis of tlw SIR-~  data
over ‘1’apajos National ]:orc.st  in I’ara,  Ilra~.ii
si]ows I}M1 aI 1,-harl[i,  1 IV ]m]ariza[ion  has [hc
higiml scrlsilivily  10 fore.sl rcgrowlh ul) 10 9
y e a r s  o l d  (Yannsc  C[ al., 1996).  l~igltrc 5
i iiuslratcs tile biomass varialiml ovcv Il]c I’a]mjos
sc.ronda[y  folc. s[s by crnpioying  a biomass
Cslinla[ion algorilitm  lilal ilas bcc.n (icvc]opc(i
rton~ folcsl  irackscattcr  rnrxicling (Saatchi a n d
Moghad(iam,  1996). IJurlhcr s(uriics  arc rcquirc~i
10 ulldcrslaIl(i  the scnsilivily arI(i  limitations Or

SAR mcasurcmcn[s  10 biomass rc growl}]  in
lropics. Ncvcrlilclcss,  the limitc(i s t ud i e s
pclforjnc(i  so far in]])] ics [ha[ P-barl(i ]~olarimctric
(ia[a cor[cialc, bct[cr wilh biomass rcgcncration
tllall 1 ,-ball(l. 1 Iowcvcr, 1.-ban(i ]mlarimc~ric
sys[clns al)[)c.ar-  [0 im lIIOJC  opcl;lliolml  t h a n  l’-

ball(i  ill tlcaI fu[urc.

‘1’hc.  large river basin al](i the. pcrio(iic  heavy rainy

seasons rcsporlsii)]c for the rise an(i fail of the
river level, crcalc largcarcas  of irlurldalc41  forcsl
[y])cs in tiIc trq)ics. l’hCSC forcs[s  arc distincl
bccausc oft heir iimi[cti (ii vcrsi[y  as Comparc(i to
ui)land forcs(s duc [o LI)c stress causc(i by ti]c
Walcrlogging  of tllcir root systems. lnur)(iatc(i
rOlcsl tyI)cs arc oflcn (iivi(iCCi in[o dlc pc.rmancm[
swam}) fore.s[s(c.g, i)cr[]]arlcn~ wt]itc wa[cr and
black waler swanll)s,  iga])o),  JKxiO(iiCaliy  fioodc(i

folcsts ( e . g .  Il]allgrovc., scasorlai var-z.c.a a n d
igai)o, li(ial swain])), arl(i galic.ry f o r e s t s .
I[lrorlnaliml  o]) (iislribulion,  n~or~]honlclry, an(i
[hc arcai Cx[cn(i of lhcsc forcsls  is imporlan[  in
tile rcguialion o f  w a t e r  halancc a n d
t)iogcocllclllic:ll”  cycle, an(i lracc gas cxchallgcs

sucil as mclhanc. ]n a(i(iilion, these arc.as arc
im~mrtant  for supporting fisilcrics  an(i cui[ivalion
bccausc of ti~c rclalivc]y  fcl [ilc soil lcfl from tim
river sc{i i mcn [s.

Pohrrirnc[ric  backscamr  mcasurcmcnls
at 1,-bmi  mi ~-bami can bc used opc.raliona]iy  to
map f’too(ii)lains anti forcsl  inun(ia[ion  bccausc of
lilt ]mc.tralion  of Iilc signzri inlo the vcgctalion
layer. R e s u l t s  f r o m  [i]c SIR-~/X-SAK
C.xi)crimcrlt si)ows  that using radar can accurately
dclincatc  the hcrbaccous  versus woo(iy and
nO~icli versus non-  flowicxi cover types lwcscnt  in
the Amazon river basin, l’igurc 6 slmws the
ra(iar nlapping of forest inull(iatiorl  in April (rainy
season) ar](i  October (dry scasorr). ‘1’hc.  rcsu](s
in(iic:im  that 1,11} I rrccuratcly  scpara[c(i  flocxic[i
vcx sus non floo(icci forcsLs,  cl]}] providc<i  the bcsl

scpar:i[ion bctwccn fioo(icd  and non flooded
hcrbaccous  vcgctalion,  an(i I.}IV  ciislillguisim(i
well  bctwccn woo(iy an(i nonwoo(iy vcgctatiol]
(Ilcss  c1 [il., 1 9 9 5 ) .  Api)lication  or SAR
systems in many ccologica] arl(i bio.gcocilcrnicai
Stu(iics  of wc.llancis an(i floodplains has shown
that po]arimctric  nlcasurcmcnL$  provi(ic  a suitai~]c

tooi f o r  mapping  v a r i o u s  ty]]cs if forcsl
inun(iation (PoiK, 1994, Mclack, c.t ai,, 1 994),

6 .  IIiodivcrsity and Cot~serva(iotl

Inrcccrlt  y&lrs,  satc.llilcr c[)lc)tcscrlsirlg hasalso
b e e n  usc(i in  rcgiorlal  Corlscrvatioll  a n d
t)iwiivcl’sily s[ll(lic.s  w’orl(li~~i(ic. IJcrorcst:lli(~rl:]rlci
forest disturbance as a rcsui[ of ti~c cximrlsion  of
humarl  j)o])ul:l(ioIls:tll(i  IIllr[l:irl flclivitic.s:irc. ttlc

main cause of (iccay in organic (iivcrsi[y. in
Jxirticular, tropic:ii rairlforcsts  as bcingtilcrnost
biolof!ic.ai]y  (iivc.rsc ccosys[cn)s,  [hcconvcrsirm
of primary biomc has causc(i the cicg[acialio[l Or

fore.sl habitats the conccrllralion  of spccics.
“1’his J)rocc.ss is by rm nlcarls even and some arc.as
of tlm tropics arc. being afrcctcxi har(ic.r  dm othcm
(Myc.rs,1988).  }’c>rc.x:\l~~l)ic,  t}~c Atizi]lticfc~rcsl
that once occupied as area of more than onc

miilion square kikmctcr-s aion~ }lra~. ii’s coasl, is
rc(iuccd t o  ]CSS ti)an 90/0 o f  ils origirla]  Siz,c
bccausc  of coloni~.ation, mining, an(i c.xlcnsivc
agricultural and urban dcvcloprncnl. -t’hc
remaining fore.s[, rnucil of wilicll isconrcrllratc,(i
irlltlc  sL?tc. of Il:iili:l islligtliy  fr:lg[llcrllcci:l  ri(l lilt.
po]]ulalions of thrcalcnc.(i spc.cic.s arc in many

cases rcliucc4i  10 very low nulnbcrof in(iivi(iuais

(Saa[chi, c[ ai., 1994). I.ocai and irl[crlm[ionai
govc.rrlmcnl an(i rlorl-g(~kcrlllllcrll  organizations
arc initiating conservation efforts, sucil as lan(i
pIotcLtion and  ]an(i  purch:isc  10 cniaIgc dIc. fc4icrd]
bio]o~\ica]r  cscrvcssl lciltisL]  ll:lirllltllli:l, ‘1’hcsc
Cffo[ls  arc. iinlitcJi by lack of illforlllation  aboL\l

the localions  of priorily  sites for conscrva[ion
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]wrlmcs+ }Iigh rc.solulion rcmrm  sensing data
ltml can hc.tp identify vcgcta[ion types in Lhcsc
rc~io[~s arc the nmin source of i[lfornmtion.

l~oring  S1l{-C/X-SAR  niission  i n
(kmbcr  of 1994, polarimc[ric  SAT{ data have
acqui rc.d ovc,r the Atlantic CCMSMI  fore.s[ of I]ahin
ill su]prt of conservation aclivilics  around the
Ll]la biological rcscs vc locatcxl in soulhcrll Rahizr.
SIR-C dam rmmplcmcntcd  lhc oplical  r e m o t e
Scnsil[g dala for nmI)ping  lhc primary palchcs of
formt  by providing illfol-rnation  aboul Ihc sutJ-
CaJIO1)y  that helped discriminating forest fronl
cocoa l)lanlations  and mangrove that was
previously unrlvailablc  from optical data. I’hc
ICSIJ][S of the rrllalysis  iJdicalcs thiit 1.-b:lll(t  }Iv

])olarization hackscrrttcr  from large.  canopy
clc,nlcnls s u c h  a s  braJlchcs a n d  lcrrvcs aJld

c.orl elates with areas of high bionmss.  Areas of
]MSIUIC :111(1 yOUJl~ SCCOJldN’y  fOrCS[ ~rOWth  h:tVC

higlm  hackscattcr at ~-band llV Im]arization, la
cocoa plantations (cabruca  forcsls),  the canopy is
lhinncd ml undcrsmy  vcgctalion is rc.moved and
rc])laccd  by sub-ca]lopy  cocoa. “1’his causes a
slighl rcxluction in tree bo]c biomass (reducing I.-
band backsca[lcr) ar)d an incrcasc in brarlch  and
foliage dcnsily iJl lhc sub-caJlopy  (increasing ~-
banrl back scatlcr). 2 ‘l)c areas of mangrove swamp
along the Atlan[ic  coast has higher backscattm in
all lhC Ch:lJIJIC.l  S Of SAR dala (]L]c K) Scatlcrillg Of
[IIC SAR signal from the undc.rlying standing
waler. ‘J “Iicsc areas do not apljcar  clcxrrl y in thC
] all(kll iJllagCry (Saalchi, cl a]., ]994). ~$hcsc.
di ffcrcnccs  in radar siglmls duc 10 lald cove.r ty~)cs
]nod[icc a diffcrcllt  [cxlurc. and txickscattcring
cocfficictl(s  dm~ can bc used 10 idc!ltify  pak%c.s of
I)r illlary  forest for c.onscrvalion  practices. l(igurc
7 shows the preliminary rcsu]ls of rnapl)ing
pr imary forcsl  pa[chcs  using a lcxturc  and
backscattc,r  data i n  a  slJpcrviscd tlaycsiaJ~

classific. r.

7 .  ~onclusiou

i n  lhis ]mpcr,  t h e  polcntial  al)plicalions  o f
]wlarinlct]ic,  radar I)acksc.atlc.r  lllcl\s\)rclllCl~ts ii]
stu(]ying land surface. proccsscs ill dIc tropical
forest ccosyslc.ms were bricfty rcvicwcd. 11 was
s h o w n  lhal polarimctric  and mullifrcqucncy
Illc.asurcmcn[s  of the tropical vcgc[a[ion provide
inforlnation about the structure of forest and its
nloisturc  status that hc.]p classify the radar
images into land cover types, scpara[c  dcforcstcd
[Illd forcs[crl  aI”CaS, monitor and n)ap wetlands and
itlulldalcd areas, a]l(i nloIlilor and csti]natc forest
biolnass rc~cncratirm. I’hc cxaJnplcs  were take.n
inain]y from the data collcctcd by the SIR-CJX-
SAR systcm  i n  1 9 9 4 . l’hc results also
dclnoslratc  that the lcmporal  frequency of

ca]ibratcd SAR data over tropics Suggc.st that it
call lllOllitOr  thC dynalnics  Of klrld usc ChaJlgC

bcttc.r than o])tic.al sensor’s in this region.
I ]owcvcr,  accuralc lald cover Ckissifica[ion  maps
arc of(cn achic.vcd if both sensors arc usc.d in
synergism, }:urlhcr[norc..  IIlc forest rcgcnrm[cd
bionms can bc cslin]atc(i  by lower frcclucncy
po]arimctric  data (}’- and 1 .-band) that arc not
currently avaitablc in space. It is cxpcxmd  that as
polarimctric spaccborl)c  syslcnls  bccomc
operational in fulurc,  SAR imagery may bccom
an invaluable source of information over tropics.
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f ‘ig. 1. l’cnctrat ion cdp[]bilit  y of radar systems througlI vcgcxat  ion and the interaction of
rxl:ir signal with canoj)y compcmcnts  through various scattering mechanisms.
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l;ig. 4. IIiomass  regrowth of lc:ivcs, roots and wood of diffcrmt  fige(i
Iroj)ic;i] forests  (}3rmvn  and I ,ugo, 1 990).
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